INTRODUCTION
============

Fractures in patients with cognitive impairment is a crucial clinical issue due to their close association with mortality in the elderly. Indeed, patients with mild cognitive impairment (MCI) and dementia are exposed to higher risk of mortality \[[@b1-pi-2020-0165]\] and lower rates of functional recovery \[[@b2-pi-2020-0165],[@b3-pi-2020-0165]\] than their counterparts with normal cognition. Dementia is a well-known risk factor for fractures \[[@b4-pi-2020-0165],[@b5-pi-2020-0165]\], particularly vulnerable when comorbid with osteoporosis \[[@b6-pi-2020-0165]\]. Exact mechanisms for the dementia itself being the risk factor for fractures remain elusive, but impairments of physical function including balance, gait \[[@b7-pi-2020-0165]\], and sarcopenia that start from early stages of dementia \[[@b8-pi-2020-0165]\] are purported culprits. Moreover, increasing evidences accentuate the early detection of cognitive frailty, cognitive impairment combined with physical frailty, to minimize further cognitive decline and disability \[[@b9-pi-2020-0165]\].

In this regard, with physical functional impairments starting from the incipient stage of dementia, it is clinically important to explore the relationship between fracture risks in the elderly in their earliest stages of cognitive impairment. Subjective cognitive decline (SCD) is a recent concept, defined by a complaint of subjective cognitive impairment without any evidences of objective cognitive dysfunction \[[@b10-pi-2020-0165]\]. Abundant research has been implemented to understand this phenomenon as a premonitory sign of dementia and its importance in the unraveling of dementia trajectory \[[@b10-pi-2020-0165],[@b11-pi-2020-0165]\]. Among studies regarding the relationship between physical function and SCD, SCD group was positively associated with frequent falls when compared with cognitively normal group in one study \[[@b12-pi-2020-0165]\], but the study was subject to recall bias and retrospective design that limited generalizability. SCD was independently associated with frailty \[[@b13-pi-2020-0165]\] and it predicted future falls and upper limb fractures \[[@b14-pi-2020-0165]\], but sample sizes in both studies were small. One well-sized population-based cohort study reported a close association with SCD and increased risk of hip fracture in the elderly, but the study only included white individuals with only one type of fracture \[[@b15-pi-2020-0165]\]. Indeed, studies on SCD and fracture risks are scarce, not to mention the influence of modifiable lifestyle factors on this indispensable relationship.

Among numerous modifiable lifestyle factors, smoking is a major public health threat, with approximately 20% of worldwide population being current smokers \[[@b16-pi-2020-0165]\] Hazardous effects of smoking on increasing fracture risk in the elderly have been replicated previously, with approximately two-fold increase of vertebral and hip fracture risks in elderly women followed up for 10 years \[[@b17-pi-2020-0165]\]. Another study reported a higher risk, with current smokers in the elderly at risk of hip fractures by four fold \[[@b18-pi-2020-0165]\], while a Swedish data reported a 2.5-fold increase of vertebral fractures in current smokers \[[@b19-pi-2020-0165]\]. Detrimental effects of smoking on musculoskeletal health has been replicated in previous literatures \[[@b20-pi-2020-0165]\], with its harmful effects on calciotropic hormonal dysregulation and interruptions in hormone metabolism which result on deterioration in bone health \[[@b21-pi-2020-0165]\].

In this study, we aimed to compare differential effects of smoking on increasing the risk of fractures in SCD and dementia population. No studies to date compared the fracture risks between SCD and dementia population, and to the best of our knowledge, this is the first study to compare different types of fracture risks in smokers of SCD and dementia patients with nationally representative retrospective cohort. The following were our hypotheses. First, we hypothesized that there will be different patterns of increased fracture risks between SCD and dementia groups. Second, different smoking status (ex-or current smoker) will exert disparate influence on fracture risks in both groups.

METHODS
=======

Data source
-----------

The Korean National Health Insurance (KNHI) service invites all South Korean residents who reach the ages of 40 and 66 to participate in the screening program named National Screening Program for Transition Ages (NSPTA), in which each age group is considered as a transitional time to middle age and elderly \[[@b22-pi-2020-0165]\]. It is a part of the National Health Screening Program (NHSP) which is provided biannually by the KNHI service \[[@b23-pi-2020-0165]\]. The NSPTA includes comprehensive questionnaires on lifestyle, medical history, depression, cognitive impairment, fall history and urinary dysfunction are included \[[@b22-pi-2020-0165]\]. As for fracture history of all participants, those with history of fractures were defined by any visit to hospital with any ICD-10 (the 10th revision of the International Statistical Classification of Diseases and Related Health Problems) fracture code within 5 years before the NSPTA. Compared to the subjects aged 40, those aged 66 are asked for their subjective experience of cognitive impairment through Prescreening Korean Dementia Screening Questionnaire (KDSQ-P) \[[@b24-pi-2020-0165]\].

Study cohort
------------

Every subject aged 66 who participated in the NSPTA from 2009 to 2014 were included in the study. Out of 1,555,103 participants of the NSPTA, we excluded those with missing values (n=96,847), those without washout with first lag (n=26,717) and those with SCD score below 4 (n=463,299). A total of 968,240 participants were included for the analyses. Normal cognition (NC) was defined as subjects with a KDSQ-P score of 0 and no history of prescription of acetylcholinesterase inhibitors (donepezil, rivastigmine, galantamine) or NMDA (N-Methyl-D-asparate) receptor antagonist at the time of participation in the NSPTA SCD was defined as subjects with KDSQ-P scores of 4 or more and no history of prescription of acetylcholinesterase inhibitors or NMDA receptor antagonist at the time of participation in the NSPTA. KDSQ-P is a 5-item self-reported questionnaire on a 3-likert scale (0 for no, 1 for yes, sometime and 2 for yes, often). 5 questions are as follows: Item 1=Do you think that your memory is worse than your peers/friends? Item 2=Do you think your memory is worse than last year? Item 3=Does your memory decline impact your important activities/work? Item 4=Do others notice your memory decline? Item 5=Do you think that you can no longer function as well as before due to your memory decline? Subjects with the history of prescription of acetylcholinesterase inhibitors or NMDA receptor antagonist with an ICD-10 dementia code (F00, F01, F02, F03, G30, F051, or G311) at the time of NSPTA participation were included in the dementia group. To elaborate further, according to the Korea's reimbursement criteria, patient's objective cognitive decline and functional impairment must be evident, meeting the Mini-mental state examination (MMSE) score of 26 or less and Clinical Dementia Rating (CDR) ≥1 or Global Deterioration Scale ≥3 to receive reimbursement for the prescription of either acetylcholinesterase inhibitors or NMDA receptor antagonist. Every participant was asked about their smoking status with the following question: Have you ever smoked more than 5 packs (100 cigarettes) of cigarettes before? The following three answer choices were given: 1) No, 2) Yes, but quit smoking, 3) Yes, currently smoking. In both ex-smokers and current smokers, past smoking history was asked, with detailed queries on duration and daily cigarette consumption. Pack years (py) were calculated by multiplying duration and daily cigarette consumption divided by 20. From the day they received NSPTA, the participants were followed up until the occurrence of incidence of fractures, death, or the last follow-up day (December 31, 2016), whichever came first. This study was approved by the Institutional Review Board of Yeouido St. Mary's Hospital, Seoul, Korea. Consent from individual subjects were not needed because the study used publicly open, anonymous data.

Outcome variable
----------------

All fractures were defined by treatment with any fracturerelated ICD-10 codes. Hip fractures were defined by ICD-10 codes of hip fractures (S72.0 and S72.1) with 1 hospitalization. Vertebral fractures were defined by ICD-10 codes of vertebral fractures (S22.0, S22.1, S32.0, M48.4, and M48.5) with 2 outpatient clinic visits. As for the definition of other fractures, ICD-10 codes for upper arm fractures (S42.0, S42.2, and S42.3), forearm fractures (S52.5 and S52.6), and lower leg fractures (S82.3, S82.5, and S82.6) with 2 outpatient clinic visits were included.

Statistical analysis
--------------------

Baseline demographic characteristics and clinical characteristics were compared between the three groups using ANOVA for continuous variables and chi-squared test for categorical variables. Time-to-event was calculated as the duration between the NSPTA and fracture incidence. Cox proportionalhazard regression was conducted to evaluate the risk of fractures. All cox proportional hazard regression models were adjusted for potential confounding factors including sex, income, diabetes mellitus, hypertension, hyperlipidemia, alcohol drinking status, physical activity, body mass index (BMI), and fracture history. For all statistical analysis, we used SAS version 9.3 (SAS Institute, Cary, NC, USA) with p-values \<0.05 considered significant.

RESULTS
=======

Participant characteristics
---------------------------

A total of 968,540 participants were included in the study. ([Table 1](#t1-pi-2020-0165){ref-type="table"}) Among them, 75,874 participants were classified as subjects with normal cognition, and 19,5365 with SCD and 13,001 with dementia. Weight, height, body mass index and waist circumference were highest in the normal cognition group, there was a largest number of ex-smokers in the SCD group while number of current smokers highest in the dementia group. As for the alcohol drinking status, heavy drinkers were mostly distributed in the SCD group. The SCD group reported yes to regular exercise with the highest number, and those with low income levels were most frequent in the dementia group. Regarding metabolic risk factors, prevalence of diabetes, hypertension, hyperlipidemia was concordantly highest in the dementia group Lastly, the number of those with fracture history was highest in the dementia group.

Risk of all fracture incidence
------------------------------

Risk of all fracture incidence is demonstrated in ([Table 2](#t2-pi-2020-0165){ref-type="table"}). According to the cox regression models, in subjects with NC, risk of all fractures was increased in current smokers \[adjusted hazard ratio (aHR)=1.156; 95% confidence interval (95% CI)=1.115--1.2\], but decreased in ex-smokers (aHR=0.961; 95% CI=0.924--0.999). With consideration for the pack years, current smokers with pack years of 20 or more (≥20 py) were at higher risk when compared with ex-smokers ≥20 py (aHR= 1.143; 95% CI=1.095--1.194). Concordant results were evident in the SCD group as well, with increased risk in current smokers ≥20 py (aHR=1.184; 95% CI=1.093--1.283). No significant findings were observed in the dementia group.

Risk of hip fracture incidence
------------------------------

Risk of hip fracture incidence is demonstrated in ([Table 3](#t3-pi-2020-0165){ref-type="table"}). According to the cox regression models, in subjects with NC, risk of hip fractures was increased only in current smokers (aHR=1.335; 95% CI=1.1723--1.519). However, when pack year was taken into account, current smokers \<20 py, and current smokers ≥20 py were both at increased risk of hip fractures. In SCD group, the results were concordant, with increased risks in current smokers, ex-smokers ≥20 py, current smokers \<20 py, current smokers ≥20 py, with highest risk noted in current smokers with \<20 py (aHR=1.692; 95% CI=1.238--2.314). In contrast with the previous two groups, in dementia group, hip fracture incidence risk was decreased in current smokers ≥20 py (aHR=0.844; 95% CI=0.585--1.219).

Risk of vertebral fracture incidence
------------------------------------

Risk of vertebral fracture incidence is demonstrated in ([Table 4](#t4-pi-2020-0165){ref-type="table"}). According to the cox regression models, NC group displayed increased risk of vertebral fractures in current smokers. (aHR=1.194; 95% CI=1.33--1.259), while decreased risk in ex-smokers (aHR=0.943; 95% CI=0.89--0.999). Current smokers, regardless of pack years, were at increased risk of vertebral fractures. In SCD group, risk of vertebral fracture incidence increased in current smokers (aHR=1.267; 95% CI=1.153--1.393). The highest risk was observed in current smokers \<20 py (aHR=1.326; 95% CI=1.164--1.51). No significant findings were observed in the dementia group.

Risk of other fracture incidence
--------------------------------

Risk of other fractures incidence is demonstrated in ([Table 5](#t5-pi-2020-0165){ref-type="table"}). In NC group, current smokers (aHR=1.08; 95% CI=1.022--1.143), current smokers with \<20 py (aHR=1.122; 95% CI=1.037--1.214) were all concordantly at increased risk of other fractures. No significant findings were observed in SCD or dementia group.

DISCUSSION
==========

We aimed to demonstrate the risk of fractures in SCD and dementia group with regard to the smoking status of participants. To our knowledge, this is the first study to elucidate the differential impact of smoking on increasing fracture risk in SCD and dementia groups. In NC and SCD group, when compared with ex-smokers, current smoking concordantly increased all, hip, vertebral fractures with higher risk, even with consideration for history of heavy smoking (≥20 py). SCD group was more vulnerable than NC group, displaying higher hazard ratios in current smokers. In contrast, risk of hip fractures in current smokers ≥20 py was reduced in dementia group. The aforementioned findings all convey several important clinical implications.

First, increased risk of all, hip, vertebral fractures in current smokers regardless of the pack year status, in both NC and SCD group alike, highlight the well-known deleterious effects of smoking. Current smoking itself, regardless of pack years, might exert detrimental influence on bone heath of the elderly. With regard to the link between fractures and smoking, numerous research has reported the deleterious effect of smoking on bones and muscles, which ultimately leads to increased fracture risks Smoking was associated with reduced bone mineral density, cortical volume \[[@b25-pi-2020-0165]\], and bone mass \[[@b26-pi-2020-0165]\]. Calcium intake was reduced by smoking \[[@b27-pi-2020-0165]\], and smoking detrimentally affected mRNA expression of bone-related markers \[[@b28-pi-2020-0165]\]. In a recent study, pernicious effects of smoking on bone mineralization and collagen synthesis were affected in a mouse model, demonstrating that mice exposed to cigarette smoke exhibited reduction of type I collagen deposition, which is critical for bone formation, which ultimately lead to slowed delayed bone formation rate \[[@b29-pi-2020-0165]\]. Moreover, smoking was an independent predictor of worse trabecular strength in hip fracture patients \[[@b30-pi-2020-0165]\]. As for the indirect effect of smoking on bone health, smoking was associated with decreased levels of parathyroid hormone \[[@b31-pi-2020-0165]\] and vitamin D \[[@b32-pi-2020-0165]\], which could undermine bone integrity.

Second, in NC group, there were marginal reduction of hazard ratios in ex-smokers with regard to all and vertebral fractures. Dose-dependent, duration-dependent increase of fracture risks in smokers has previously been reported, with prediction of ex-smokers at intermediate fracture risk between that of never smokers and current smokers \[[@b21-pi-2020-0165]\]. In this regard, smoking cessation might help reduce fracture risks to some extent. A contrasting result exists, where 75-year old elderly women were followed up for 10 years, reporting no evidence of smoking cessation reducing fracture risks except for vertebral fractures \[[@b17-pi-2020-0165]\]. This study also demonstrated that the amount of smoked cigarettes did not influence the risk \[[@b17-pi-2020-0165]\]. Nevertheless, the importance of smoking cessation should not be underrated, since subjects of our study were not asked for the duration of smoking cessation while cessation of smoking for more than 10 years was reported to be protective for hip fractures in women \[[@b33-pi-2020-0165]\], and as long as 30 years in men \[[@b34-pi-2020-0165]\].

Third, higher risks of all, hip, vertebral fractures were noted in current smokers in SCD group when compared with smokers in NC group. Subjects with SCD were clearly at higher risk of fractures than that of NC group. Evidences on risks of falls or fractures in SCD are scarce. Previous studies reported increased risk of falls and hip fractures in SCD group \[[@b12-pi-2020-0165],[@b15-pi-2020-0165]\]. The reason for this increase in risk of falls or fracture in SCD could be attributed to additive role of frailty on harmful effects of smoking. Frailty was closely associated with SCD long before manifestation of objective cognitive impairment \[[@b35-pi-2020-0165]\]. Especially, subjective complaints in mathematic reasoning were highly associated with frailty \[[@b36-pi-2020-0165]\]. Smokers in SCD group in our study was likely to have been exposed to increased chance of frailty than their NC counterpart. Increasing literatures are beginning to focus on SCD with physical frailty, reversible cognitive frailty \[[@b37-pi-2020-0165],[@b38-pi-2020-0165]\], and unraveling its relationship with fracture and dementia risks will be a novel arena of research.

Fourth, risk of hip fractures in current smokers were reduced in dementia group, when compared with SCD and NC group. One can easily assume that fracture risks will be increased proportionally with severity of cognitive impairment in dementia, but studies report otherwise results. Compared to those with mild dementia, those with moderate dementia was exposed to lower risk of hip fractures in a Korean nationwide longitudinal study \[[@b4-pi-2020-0165]\]. The study elucidated the reasons for such finding can be attributable to decreased outside activity, loss of independence and depressive symptoms \[[@b4-pi-2020-0165]\]. Another study called for the need for a different perspective when assessing fracture risks in Alzheimer's disease (AD) patients, suggesting that the influence of AD per se, associated medication (e.g. psychotropic medication) or environment can overrule the effects of other important risk factors of hip fractures \[[@b39-pi-2020-0165]\]. Another significant factor that might have influenced our results is decreased prevalence of current and ex-smokers in dementia group. Prevalence of smokers were significantly reduced in dementia group when compared with subjects with normal cognition, and suggested reasons were early changes of nicotinic receptors before AD pathology, with resultant loss of craving for smoking \[[@b40-pi-2020-0165]\]. Significantly lower rates of current smokers were found in dementia patients, suggesting two following reasons as possible explanations: 1) forgetting that they were smokers and how to smoke, 2) increased supervision by caregivers \[[@b41-pi-2020-0165]\]. Nicotinic receptors are another domain that must be considered for interpretation of our results in dementia group. Beneficial effects of nicotine on improving attention, and positive modulation of nicotinic receptors were proposed to be protective against amyloid beta toxicity \[[@b42-pi-2020-0165]\]. In this regard, for subjects with dementia, nicotine exposure might have provided enhanced cognitive performance that could have reduced the fracture risks. This could explain a slightly deviant result on the increased risk of all, vertebral, hip fractures in current smokers \<20 py when compared with current smokers ≥20 py. In current smokers with dementia, increased nicotine dose might exert protective effect against fractures. Lastly, effects of AchEI should be taken into account. Use of beta-blockers inhibited sympathetic activity, and thereby increasing bone density \[[@b43-pi-2020-0165]\]. Muscarinic activity of AchEI could have activated parasympathetic system that enhance bone formation \[[@b44-pi-2020-0165]\]. In dementia patients, beneficial effects of AChEI on bone formation could have counteracted the toxic effects of nicotine exposure on bones.

There are several limitations that must be taken into consideration with regard to our study results. First, classification of SCD might not reflect the pure clinical population that is devoid of objective cognitive impairment, since the study did not include any objective measurements of cognition. However, according to one study on patients with SCD, subjective awareness of one's cognitive decline was decreased in amnestic mild cognitive impairment (aMCI) and AD patients \[[@b45-pi-2020-0165]\]. By exclusively selecting subjects with KDSQ-P scores of 4 or more, those with higher subjective awareness of cognitive decline, there was an increased chance we excluded those with objective cognitive impairments. Second, definition of dementia was solely based on the reimbursement criteria, which did not include objective cognitive tests or neuroimaging results. However, we believe that the relative strict reimbursement criteria, a mandatory submission of test results on cognitive scores and functional assessment scores, increased the chance of inclusion of dementia patients. Third, data on common risk factors of fractures in dementia patients, including prescription of psychotropic medication were not provided in the study. Fourth, additional adjustment for factors such as activities of daily living, fall history, BMD, use of corticosteroids, bisphosphonate prescription history, sensory impairments in later life \[[@b46-pi-2020-0165]\] could have further strengthened our results on the link between fractures and subjects with cognitive impairment. Fifth, since the data on smoking status was collected through surveys, it was subject to recall bias \[[@b47-pi-2020-0165]\]. Sixth, since the cohort was 66 years old at the time of screening, those on dementia medication at the time of screening are likely to be reflect early onset dementia patients, which might not reflect the actual clinical late onset dementia patients we often encounter in clinics. Anyhow, the strength of our study lies on the unprecedented big, real-world data on smokers with SCD or dementia, and adjustment for many variables that could affect fracture risks.

In conclusion, fracture risks were elevated in current heavy smokers in SCD, but not in dementia. Future studies should focus on unraveling the causes of this differential impact of cigarette smoking on fracture risks of SCD and dementia groups. Fracture risks are still under-evaluated and undertreated in memory clinics \[[@b48-pi-2020-0165]\]. SCD was closely related to subjective awareness of physical function \[[@b49-pi-2020-0165]\], which warrant the importance early detection and assessment of physical deterioration and fracture risks in the early stages of cognitive impairment. Moreover, personalized preventive measures according to one's cognitive status are imperative, since risk factors of fractures can exert disparate influence on patients at different stage of cognitive trajectory.
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###### 

Baseline characteristics of the study population with incidence of fractures (N=968,540)

                                      NC^[\*](#tfn1-pi-2020-0165){ref-type="table-fn"}^ (N=759,874)   SCD^[†](#tfn2-pi-2020-0165){ref-type="table-fn"}^ (N=195,365)   Dementia^[‡](#tfn3-pi-2020-0165){ref-type="table-fn"}^ (N=13,001)   p value
  ----------------------------------- --------------------------------------------------------------- --------------------------------------------------------------- ------------------------------------------------------------------- ----------
  Sex, male, N (%)                    375,642 (49.43)                                                 77,062 (39.45)                                                  4,977 (38.28)                                                       \<0.0001
  Age (mean±SD)                       66±0                                                            66±0                                                            66±0                                                                
  Weight (kg, mean±SD)                62.02±9.61                                                      60.67±9.46                                                      59.48±9.81                                                          \<0.0001
  Height (cm, mean±SD)                159.5±8.34                                                      158.1±8.22                                                      157.18±8.21                                                         \<0.0001
  BMI (kg/m^2^, mean±SD)              24.34±3.04                                                      24.24±3.06                                                      24.04±3.28                                                          \<0.0001
  Waist Circumference (cm, mean±SD)   83.26±8.23                                                      82.75±8.35                                                      82.79±8.81                                                          \<0.0001
  Smoking, N (%)                                                                                                                                                                                                                          \<0.0001
   Never                              530,503 (69.81)                                                 138,322 (70.8)                                                  9,895 (76.11)                                                       
   Ex-smoker                          126,503 (16.65)                                                 34,009 (17.41)                                                  1,863 (14.33)                                                       
   Current smoker                     102,868 (13.54)                                                 23,034 (11.79)                                                  1,243 (9.56)                                                        
  Alcohol drinking, N (%)                                                                                                                                                                                                                 \<0.0001
   No                                 546,041 (71.86)                                                 142,344 (72.86)                                                 11,189 (86.06)                                                      
   Mild                               129,458 (17.04)                                                 32,546 (16.66)                                                  1,208 (9.29)                                                        
   Moderate                           48,304 (6.36)                                                   11,050 (5.66)                                                   316 (2.43)                                                          
   Heavy                              36,071 (4.75)                                                   9,425 (4.82)                                                    288 (2.22)                                                          
  Regular exercise, yes, N (%)        345,644 (45.49)                                                 93,672 (47.95)                                                  4,702 (36.17)                                                       \<0.0001
  Income, low, N (%)                  227,950 (30)                                                    53,676 (27.47)                                                  4,244 (32.64)                                                       \<0.0001
  Diabetes, yes, N (%)                156,508 (20.6)                                                  39,794 (20.37)                                                  3,472 (26.71)                                                       \<0.0001
  Hypertension, yes, N (%)            413,521 (54.42)                                                 101,450 (51.93)                                                 7,409 (56.99)                                                       \<0.0001
  Hyperlipidemia, yes, N (%)          281,580 (37.06)                                                 76,078 (38.94)                                                  5,949 (45.76)                                                       \<0.0001
  Sum of KDSQ-P score, N (%)                                                                                                                                                                                                              \<0.0001
   0                                  759,874 (100)                                                   0 (0)                                                           4,566 (35.12)                                                       
   1                                  0 (0)                                                           0 (0)                                                           1,213 (9.33)                                                        
   2                                  0 (0)                                                           0 (0)                                                           1,206 (9.28)                                                        
   3                                  0 (0)                                                           0 (0)                                                           942 (7.25)                                                          
   4                                  0 (0)                                                           68,161 (34.89)                                                  887 (6.82)                                                          
   5                                  0 (0)                                                           91,092 (46.63)                                                  1,710 (13.15)                                                       
   6                                  0 (0)                                                           13,920 (7.13)                                                   457 (3.52)                                                          
   7                                  0 (0)                                                           8,102 (4.15)                                                    340 (2.62)                                                          
   8                                  0 (0)                                                           5,354 (2.74)                                                    356 (2.74)                                                          
   9                                  0 (0)                                                           3,094 (1.58)                                                    294 (2.26)                                                          
   10                                 0 (0)                                                           5,642 (2.89)                                                    1,030 (7.92)                                                        
  Fracture history, yes, N (%)        51,567 (6.79)                                                   16,103 (8.24)                                                   1,639 (12.61)                                                       \<0.0001

defined as no history of acetylcholinesterase inhibitors or NMDA receptor antagonist with ICD-10 code of dementia (F00, F01, F02, F03, G30, F051) and KDSQ=0,

defined as no history of acetylcholinesterase inhibitors or NMDA receptor antagonist with ICD-10 code of dementia (F00, F01, F02, F03, G30, F051) and KDSQ≥4,

defined as subjects on acetylcholinesterase inhibitors or NMDA receptor antagonist with ICD-10 code of dementia (F00, F01, F02, F03, G30, F051).

NC: normal cognition, SCD: subjective cognitive decline, BMI: body mass index; KDSQ-P: Prescreening Korean Dementia Screening Questionnaire, NMDA: N-methyl-D-aspartate, ICD-10: 10th revision of the International Statistical Classification of Diseases and Related Health Problems, AD: Alzheimer's disease, VD: vascular dementia, SD: standard deviation

###### 

Risk of all fractures according to smoking status and history

             N                 All fractures (total)   Duration^[\*](#tfn4-pi-2020-0165){ref-type="table-fn"}^   IR^[†](#tfn5-pi-2020-0165){ref-type="table-fn"}^   MODEL 1 aHR (95% CI)   MODEL 2 aHR (95% CI)   MODEL 3 aHR (95% CI)   
  ---------- ----------------- ----------------------- --------------------------------------------------------- -------------------------------------------------- ---------------------- ---------------------- ---------------------- ----------------------
  NC                                                                                                                                                                                                                                     
             Non               530,503                 34,073                                                    1,842,451.36                                       18.4933                1 (ref.)               1 (ref.)               1 (ref.)
             Ex                126,503                 4,125                                                     424,404.43                                         9.7195                 0.952 (0.916, 0.99)    0.964 (0.927, 1.002)   0.961 (0.924, 0.999)
             Current           102,868                 4,647                                                     357,392.86                                         13.0025                1.198 (1.156, 1.242)   1.156 (1.114, 1.199)   1.156 (1.115, 1.2)
             Non               530,503                 34,073                                                    1,842,451.36                                       18.4933                1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        60,207                  1,820                                                     199,880.58                                         9.1054                 0.879 (0.835, 0.925)   0.9 (0.855, 0.948)     0.897 (0.851, 0.944)
             Ex/≥20 py         66,296                  2,305                                                     224,523.85                                         10.2662                1.021 (0.973, 1.07)    1.02 (0.972, 1.07)     1.019 (0.971, 1.069)
             Current/\<20 py   32,885                  1,628                                                     112,345.62                                         14.402                 1.204 (1.143, 1.268)   1.182 (1.121, 1.245)   1.182 (1.122, 1.245)
             Current/≥20 py    69,983                  3,029                                                     245,047.24                                         12.3609                1.197 (1.147, 1.249)   1.143 (1.094, 1.194)   1.143 (1.095, 1.194)
  SCD                                                                                                                                                                                                                                    
             Non               138,322                 11,810                                                    524,236.53                                         22.528                 1 (ref.)               1 (ref.)               1 (ref.)
             Ex                34,009                  1,517                                                     121,343.07                                         12.5017                0.985 (0.92, 1.055)    0.998 (0.932, 1.069)   0.998 (0.931, 1.069)
             Current           23,034                  1,446                                                     86,279.2                                           16.7595                1.227 (1.15, 1.31)     1.182 (1.105, 1.263    1.192 (1.115, 1.274)
             Non               138,322                 11,810                                                    524,236.53                                         22.528                 1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        15,380                  657                                                       53,891.96                                          12.1911                0.93 (0.852, 1.016)    0.952 (0.871, 1.04)    0.95 (0.87, 1.038)
             Ex/≥20 py         18,629                  860                                                       67,451.1                                           12.75                  1.038 (0.955, 1.128)   1.038 (0.955, 1.128)   1.04 (0.956, 1.13)
             Current/\<20 py   7,088                   500                                                       26,041.82                                          19.1999                1.229 (1.12, 1.348)    1.2 (1.093, 1.318)     1.21 (1.102, 1.328)
             Current/≥20 py    15,946                  946                                                       60,237.38                                          15.7045                1.231 (1.138, 1.332)   1.174 (1.083, 1.272)   1.184 (1.093, 1.283)
  Dementia                                                                                                                                                                                                                               
             Non               9,895                   833                                                       29,764.81                                          27.9861                1 (ref.)               1 (ref.)               1 (ref.)
             Ex                1,863                   89                                                        5,474.52                                           16.2571                0.852 (0.658, 1.103)   0.846 (0.652, 1.097)   0.845 (0.651, 1.096)
             Current           1,243                   72                                                        3,560.81                                           20.2201                1.017 (0.777, 1.331)   0.98 (0.745, 1.289)    0.982 (0.746, 1.292)
             Non               9,895                   833                                                       29,764.81                                          27.9861                1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        812                     42                                                        2,347.78                                           17.8893                0.903 (0.647, 1.262)   0.9 (0.644, 1.26)      0.881 (0.63, 1.232)
             Ex/≥20 py         1,051                   47                                                        3,126.74                                           15.0316                0.798 (0.575, 1.109)   0.788 (0.567, 1.096)   0.8 (0.575, 1.114)
             Current/\<20 py   527                     36                                                        1,491.28                                           24.1404                1.145 (0.809, 1.622)   1.123 (0.792, 1.594)   1.143 (0.806, 1.622)
             Current/≥20 py    716                     36                                                        2,069.53                                           17.3952                0.903 (0.63, 1.296)    0.853 (0.591, 1.233)   0.844 (0.585, 1.219)

MODEL 1: Sex. MODEL 2: Sex, income, diabetes mellitus, hypertension, hyperlipidemia, alcohol drinking status, physical exercise, body mass index. MODEL 3: Sex, income, diabetes mellitus, hypertension, hyperlipidemia, alcohol drinking status, physical exercise, body mass index, fracture history.

Person-years,

incidence rate per 1,000.

NC: normal cognition, SCD: subjective cognitive decline, py: pack years, aHR: adjusted hazard ratio, CI: confidence interval

###### 

Risk of hip fractures according to smoking status and history

             N                 Hip fractures (total)   Duration^[\*](#tfn6-pi-2020-0165){ref-type="table-fn"}^   IR^[†](#tfn7-pi-2020-0165){ref-type="table-fn"}^   MODEL 1 aHR (95% CI)   MODEL 2 aHR (95% CI)   MODEL 3 aHR (95% CI)   
  ---------- ----------------- ----------------------- --------------------------------------------------------- -------------------------------------------------- ---------------------- ---------------------- ---------------------- ----------------------
  NC                                                                                                                                                                                                                                     
             Non               530,503                 1,607                                                     1,842,451.36                                       0.87221                1 (ref.)               1 (ref.)               1 (ref.)
             Ex                126,503                 316                                                       424,404.43                                         0.74457                0.932 (0.809, 1.072)   0.982 (0.852, 1.132)   0.98 (0.85, 1.129)
             Current           102,868                 425                                                       357,392.86                                         1.18917                1.464 (1.29, 1.66)     1.334 (1.172, 1.519)   1.335 (1.173, 1.519)
             Non               530,503                 1,607                                                     1,842,451.36                                       0.87221                1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        60,207                  131                                                       199,880.58                                         0.65539                0.821 (0.677, 0.994)   0.898 (0.741, 1.089)   0.894 (0.737, 1.084)
             Ex/≥20 py         66,296                  185                                                       224,523.85                                         0.82397                1.029 (0.869, 1.218)   1.046 (0.882, 1.24)    1.045 (0.881, 1.239)
             Current/\<20 py   32,885                  141                                                       112,345.62                                         1.25506                1.535 (1.281, 1.84)    1.456 (1.213, 1.749    1.458 (1.215, 1.751)
             Current/≥20 py    69,983                  284                                                       245,047.24                                         1.15896                1.429 (1.236, 1.652)   1.275 (1.098, 1.48)    1.275 (1.099, 1.48)
  SCD                                                                                                                                                                                                                                    
             Non               138,322                 540                                                       524,236.53                                         1.03007                1 (ref.)               1 (ref.)               1 (ref.)
             Ex                34,009                  142                                                       121,343.07                                         1.17024                1.112 (0.878, 1.409)   1.19 (0.939, 1.509)    1.19 (0.938, 1.509)
             Current           23,034                  153                                                       86,279.2                                           1.77331                1.666 (1.332, 2.085)   1.563 (1.244, 1.963)   1.572 (1.251, 1.975)
             Non               138,322                 540                                                       524,236.53                                         1.03007                1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        15,380                  53                                                        53,891.96                                          0.98345                0.939 (0.685, 1.288)   1.024 (0.746, 1.405)   1.021 (0.744, 1.401)
             Ex/≥20 py         18,629                  89                                                        67,451.1                                           1.31947                1.247 (0.949, 1.637)   1.313 (1, 1.726)       1.316 (1.001, 1.73)
             Current/\<20 py   7,088                   49                                                        26,041.82                                          1.88159                1.788 (1.31, 2.44)     1.679 (1.228, 2.295)   1.692 (1.238, 2.314)
             Current/≥20 py    15,946                  104                                                       60,237.38                                          1.7265                 1.613 (1.247, 2.085)   1.511 (1.163, 1.963)   1.518 (1.168, 1.972)
  Dementia                                                                                                                                                                                                                               
             Non               9,895                   96                                                        29,764.81                                          3.22529                1 (ref.)               1 (ref.)               1 (ref.)
             Ex                1,863                   14                                                        5,474.52                                           2.5573                 0.554 (0.297, 1.035)   0.634 (0.338, 1.186)   0.632 (0.337, 1.184)
             Current           1,243                   12                                                        3,560.81                                           3.37002                0.752 (0.391, 1.444)   0.716 (0.368, 1.393)   0.721 (0.371, 1.404)
             Non               9,895                   96                                                        29,764.81                                          3.22529                1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        812                     7                                                         2,347.78                                           2.98154                0.649 (0.289, 1.458)   0.748 (0.332, 1.683)   0.728 (0.323, 1.639)
             Ex/≥20 py         1,051                   7                                                         3,126.74                                           2.23875                0.472 (0.209, 1.068)   0.53 (0.233, 1.202)    0.539 (0.237, 1.223)
             Current/\<20 py   527                     9                                                         1,491.28                                           6.0351                 1.38 (0.672, 2.836)    1.255 (0.608, 2.593)   1.308 (0.633, 2.703)
             Current/≥20 py    716                     3                                                         2,069.53                                           1.4496                 0.311 (0.095, 1.011)   0.298 (0.09, 0.985)    0.294 (0.089, 0.97)

MODEL 1: Sex. MODEL 2: Sex, income, diabetes mellitus, hypertension, hyperlipidemia, alcohol drinking status, physical exercise, body mass index. MODEL 3: Sex, income, diabetes mellitus, hypertension, hyperlipidemia, alcohol drinking status, physical exercise, body mass index, fracture history.

Person-years,

incidence rate per 1,000.

NC: normal cognition, SCD: subjective cognitive decline, py: pack years, aHR: adjusted hazard ratio, CI: confidence interval

###### 

Risk of vertebral fractures according to smoking status and history

             N                 Vertebral fractures (total)   Duration^[\*](#tfn8-pi-2020-0165){ref-type="table-fn"}^   IR^[†](#tfn9-pi-2020-0165){ref-type="table-fn"}^   MODEL 1 aHR (95% CI)   MODEL 2 aHR (95% CI)   MODEL 3 aHR (95% CI)   
  ---------- ----------------- ----------------------------- --------------------------------------------------------- -------------------------------------------------- ---------------------- ---------------------- ---------------------- ----------------------
  NC                                                                                                                                                                                                                                           
             Non               530,503                       15,763                                                    1,842,451.36                                       8.5554                 1 (ref.)               1 (ref.)               1 (ref.)
             Ex                126,503                       1,878                                                     424,404.43                                         4.425                  0.917 (0.866, 0.971)   0.945 (0.892, 1.001)   0.943 (0.89, 0.999)
             Current           102,868                       2,236                                                     357,392.86                                         6.2564                 1.22 (1.158, 1.285)    1.194 (1.132, 1.259)   1.194 (1.133, 1.259)
             Non               530,503                       15,763                                                    1,842,451.36                                       8.5554                 1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        60,207                        798                                                       199,880.58                                         3.9924                 0.818 (0.757, 0.884)   0.855 (0.791, 0.924)   0.852 (0.788, 0.92)
             Ex/≥20 py         66,296                        1,080                                                     224,523.85                                         4.8102                 1.012 (0.944, 1.085)   1.028 (0.958, 1.102)   1.027 (0.957, 1.101)
             Current/\<20 py   32,885                        760                                                       112,345.62                                         6.7648                 1.205 (1.117, 1.3)     1.201 (1.113, 1.296)   1.201 (1.113, 1.296)
             Current/≥20 py    69,983                        1,476                                                     245,047.24                                         6.0233                 1.231 (1.158, 1.31)    1.193 (1.12, 1.27)     1.194 (1.121, 1.271)
  SCD                                                                                                                                                                                                                                          
             Non               138,322                       5,702                                                     524,236.53                                         10.8768                1 (ref.)               1 (ref.)               1 (ref.)
             Ex                34,009                        683                                                       121,343.07                                         5.6287                 0.93 (0.842, 1.028)    0.958 (0.867, 1.06)    0.959 (0.867, 1.06)
             Current           23,034                        725                                                       86,279.2                                           8.403                  1.283 (1.169, 1.408)   1.257 (1.143, 1.381)   1.267 (1.153, 1.393)
             Non               138,322                       5,702                                                     524,236.53                                         10.8768                1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        15,380                        285                                                       53,891.96                                          5.2884                 0.845 (0.741, 0.965)   0.881 (0.772, 1.006)   0.88 (0.771, 1.005)
             Ex/≥20 py         18,629                        398                                                       67,451.1                                           5.9006                 1.005 (0.89, 1.134)    1.02 (0.903, 1.153)    1.022 (0.905, 1.155)
             Current/\<20 py   7,088                         259                                                       26,041.82                                          9.9455                 1.325 (1.164, 1.508)   1.315 (1.154, 1.498)   1.326 (1.164, 1.51)
             Current/≥20 py    15,946                        466                                                       60,237.38                                          7.7361                 1.263 (1.128, 1.414)   1.225 (1.092, 1.374)   1.235 (1.101, 1.386)
  Dementia                                                                                                                                                                                                                                     
             Non               9,895                         399                                                       29,764.81                                          13.4051                1 (ref.)               1 (ref.)               1 (ref.)
             Ex                1,863                         41                                                        5,474.52                                           7.4892                 0.946 (0.644, 1.389)   0.948 (0.644, 1.395)   0.944 (0.641, 1.391)
             Current           1,243                         33                                                        3,560.81                                           9.2676                 1.106 (0.743, 1.647)   1.128 (0.753, 1.689)   1.131 (0.754, 1.695)
             Non               9,895                         399                                                       29,764.81                                          13.4051                1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        812                           19                                                        2,347.78                                           8.0928                 0.968 (0.589, 1.591)   0.964 (0.585, 1.59)    0.94 (0.57, 1.55)
             Ex/≥20 py         1,051                         22                                                        3,126.74                                           7.0361                 0.907 (0.558, 1.475)   0.913 (0.561, 1.487)   0.926 (0.567, 1.511)
             Current/\<20 py   527                           18                                                        1,491.28                                           12.0702                1.324 (0.808, 2.169)   1.332 (0.81, 2.19)     1.358 (0.825, 2.233)
             Current/≥20 py    716                           15                                                        2,069.53                                           7.248                  0.906 (0.52, 1.581)    0.931 (0.529, 1.638)   0.921 (0.524, 1.62)

MODEL 1: Sex. MODEL 2: Sex, income, diabetes mellitus, hypertension, hyperlipidemia, alcohol drinking status, physical exercise, body mass index. MODEL 3: Sex, income, diabetes mellitus, hypertension, hyperlipidemia, alcohol drinking status, physical exercise, body mass index, fracture history.

Person-years,

incidence rate per 1,000.

NC: normal cognition, SCD: subjective cognitive decline, py: pack years, aHR: adjusted hazard ratio, CI: confidence interval

###### 

Risk of other fractures according to smoking status and history

             N                 Other fractures (total)   Duration^[\*](#tfn10-pi-2020-0165){ref-type="table-fn"}^   IR^[†](#tfn11-pi-2020-0165){ref-type="table-fn"}^   MODEL 1 aHR (95% CI)   MODEL 2 aHR (95% CI)   MODEL 3 aHR (95% CI)   
  ---------- ----------------- ------------------------- ---------------------------------------------------------- --------------------------------------------------- ---------------------- ---------------------- ---------------------- ----------------------
  NC                                                                                                                                                                                                                                         
             Non               530,503                   16,460                                                     1,842,451.36                                        8.9338                 1 (ref.)               1 (ref.)               1 (ref.)
             Ex                126,503                   1,895                                                      424,404.43                                          4.4651                 0.997 (0.942, 1.056)   0.986 (0.931, 1.045)   0.984 (0.928, 1.043)
             Current           102,868                   1,936                                                      357,392.86                                          5.417                  1.128 (1.068, 1.192    1.08 (1.021, 1.142)    1.08 (1.022, 1.143)
             Non               530,503                   16,460                                                     1,842,451.36                                        8.9338                 1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        60,207                    870                                                        199,880.58                                          4.3526                 0.952 (0.883, 1.026)   0.948 (0.879, 1.022)   0.944 (0.876, 1.018)
             Ex/≥20 py         66,296                    1,025                                                      224,523.85                                          4.5652                 1.038 (0.966, 1.115)   1.018 (0.947, 1.094)   1.017 (0.946, 1.093)
             Current/\<20 py   32,885                    704                                                        112,345.62                                          6.2664                 1.157 (1.07, 1.251)    1.121 (1.036, 1.213)   1.122 (1.037, 1.214)
             Current/≥20 py    69,983                    1,232                                                      245,047.24                                          5.0276                 1.112 (1.041, 1.188)   1.055 (0.986, 1.129)   1.056 (0.987, 1.129)
  SCD                                                                                                                                                                                                                                        
             Non               138,322                   5,478                                                      524,236.53                                          10.4495                1 (ref.)               1 (ref.)               1 (ref.)
             Ex                34,009                    679                                                        121,343.07                                          5.5957                 1.032 (0.931, 1.143)   1.017 (0.917, 1.128)   1.017 (0.916, 1.128)
             Current           23,034                    542                                                        86,279.2                                            6.2819                 1.068 (0.963, 1.185)   1.009 (0.908, 1.121)   1.018 (0.916, 1.131)
             Non               138,322                   5,478                                                      524,236.53                                          10.4495                1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        15,380                    314                                                        53,891.96                                           5.8265                 1.031 (0.907, 1.173)   1.025 (0.901, 1.166)   1.023 (0.899, 1.165)
             Ex/≥20 py         18,629                    365                                                        67,451.1                                            5.4113                 1.04 (0.915, 1.181)    1.013 (0.891, 1.152)   1.015 (0.892, 1.154)
             Current/\<20 py   7,088                     185                                                        26,041.82                                           7.104                  1.029 (0.884, 1.196)   0.988 (0.849, 1.15)    0.996 (0.856, 1.16)
             Current/≥20 py    15,946                    357                                                        60,237.38                                           5.9266                 1.095 (0.966, 1.242)   1.022 (0.899, 1.162)   1.032 (0.908, 1.173)
  Dementia                                                                                                                                                                                                                                   
             Non               9,895                     332                                                        29,764.81                                           11.1541                1 (ref.)               1 (ref.)               1 (ref.)
             Ex                1,863                     34                                                         5,474.52                                            6.2106                 0.943 (0.618, 1.439)   0.893 (0.584, 1.367)   0.895 (0.584, 1.371)
             Current           1,243                     24                                                         3,560.81                                            6.74                   0.961 (0.607, 1.521)   0.87 (0.544, 1.391)    0.866 (0.541, 1.386)
             Non               9,895                     332                                                        29,764.81                                           11.1541                1 (ref.)               1 (ref.)               1 (ref.)
             Ex/\<20 py        812                       16                                                         2,347.78                                            6.815                  0.997 (0.579, 1.718)   0.954 (0.553, 1.647)   0.936 (0.542, 1.617)
             Ex/≥20 py         1,051                     18                                                         3,126.74                                            5.7568                 0.909 (0.531, 1.557)   0.85 (0.495, 1.458)    0.866 (0.504, 1.488)
             Current/\<20 py   527                       9                                                          1,491.28                                            6.0351                 0.801 (0.405, 1.582)   0.781 (0.394, 1.548)   0.788 (0.397, 1.561)
             Current/≥20 py    716                       15                                                         2,069.53                                            7.248                  1.102 (0.625, 1.944)   0.939 (0.525, 1.679)   0.926 (0.518, 1.655)

MODEL 1: Sex, MODEL 2: Sex, income, diabetes mellitus, hypertension, hyperlipidemia, alcohol drinking status, physical exercise, body mass index, MODEL 3: Sex, income, diabetes mellitus, hypertension, hyperlipidemia, alcohol drinking status, physical exercise, body mass index, fracture history.

Person-years,

incidence rate per 1,000.

NC: normal cognition, SCD: subjective cognitive decline, py: pack years, aHR: adjusted hazard ratio, CI: confidence interval
